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TITLE OF THE INVENTION 
POUCH-TYPE LITHIUM SECONDARY BATTERY AND FABRICATION METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2003-32554, filed 
on May 22, 2003 in the Korean Intellectual Property Office, the disclosure of which is 
incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a lithium secondary battery, and, more particularly, to 
an improved structure of connection between an electrode tab and a protection circuit board 
electrically connected thereto, and a pouch-type lithium secondary battery having the improved 
connection structure and a fabrication method thereof. 

2. Description of the Related Art 

[0003] With the development of portable electronic devices such as cellular phones, 
notebook-type computers, camcorders, and the like, increased research into secondary 
batteries generally capable of charging and discharging is being conducted. Lithium batteries 
are classified into nickel-cadmium (Ni-Cd) batteries, nickel-hydride (Ni-MH) batteries, and 
lithium secondary batteries. Specifically, the lithium secondary batteries are being rapidly 
developed in view of their high operating voltage of 3.6 V or higher, which is approximately 3 
times that of the nickel-cadmium (Ni-Cd) batteries or nickel-hydride (Ni-MH) batteries, and due 
to their excellent energy density per unit weight. 

[0004] The lithium secondary batteries may be classified into liquid electrolyte batteries and 
solid electrolyte batteries, according to the electrolyte used. In general, batteries using a liquid 
electrolyte are referred to as lithium-ion batteries, and batteries using a polymeric electrolyte are 
referred to as lithium polymer batteries. 
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[0005] The lithium secondary batteries may be manufactured in various shapes, and are 
typically formed in cylindrical and rectangular shapes. Lithium polymer batteries, which have 
attracted much attention recently, are manufactured in a flexible pouch shape so that they are 
relatively free in view of shape design. Also, lithium polymer secondary batteries, which have 
excellent safety characteristics and are light in weight, are advantageous in attaining 
miniaturized and lightweight portable electronic apparatuses. 

[0006] FIG. 1 shows a conventional pouch-type lithium secondary battery 10, and FIG. 2 is a 
partially extracted cross-sectional view of the lithium secondary battery shown in FIG. 1. 
Referring to the drawings, the lithium secondary battery 10 includes a battery unit 11, a case 12, 
and a space 12a, provided in the case 12, in which the battery unit 11 is accommodated. 

[0007] The battery unit 11 includes a positive electrode plate 13, a negative electrode plate 

14, and a separator 15 interposed therebetween. The positive electrode plate 13, the separator 

15, and the negative electrode plate 14 are stacked in sequence. In such a state, the stacked 
structure is laminated and wound in a jelly-roll type structure. 

[0008] The positive electrode plate 13 and the negative electrode plate 14 are electrically 
connected to a positive electrode tab 16 and a negative electrode tab 17, respectively. The 
positive and negative electrode tabs 16 and 17 extend a predetermined length outward from a 
sealing surface 12b of the case 12. A portion where the positive electrode tab 16 and the 
negative electrode tab 17 are electrically connected to the sealing surface 12b is wrapped by an 
insulating tape 18, thereby increasing sealing efficiency. 

[0009] Unlike the cylindrical or rectangular lithium secondary battery, which use a thick metal 
plate as a packaging material, the case 12 is preferably formed in a pouch type laminate 
constructed with a medium layer made of a thin metal foil, and inner and outer coatings fixed to 
both surfaces of the medium layer, respectively, thereby providing bending flexibility. 

[0010] The positive and negative electrode tabs 16 and 17, extending outside the sealing 
surface 12b, are electrically connected to a protection circuit board 100. A safety element, such 
as a positive temperature coefficient (PTC) element, is provided in the protection circuit board 
100. The positive and negative electrode tabs 16 and 17 are respectively connected to positive 
and negative electrode terminals 101 and 102 provided in the protection circuit board 100. 
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Thereafter, the protection circuit board 100 is mounted on the sealing surface 12b of the case 
12. 

[0011] However, the conventional lithium secondary battery 10 has several problems. Unlike 
the cylindrical or rectangular lithium secondary battery, the pouch-type lithium secondary battery 
10 requires a predetermined width of the sealing surface 12b of the case 12 to mount the 
protection circuit board 100 thereon. In order to mount the protection circuit board 100 on the 
sealing surface 12b, the positive and negative electrode tabs 16 and 17, extending outward 
from the sealing surface 12b, are bent at least once. 

[0012] In other words, as shown in FIG. 2, the positive and negative electrode tabs 16 and 17 
are bent in an S-shaped form such that edges of the positive and negative electrode tabs 16 
and 17 are bent once at portions where they extend outward from the sealing surface 12b, and 
are then bent again in the opposite direction. The protection circuit board 100 is seated on top 
of the thus-bent positive and negative electrode tabs 16 and 17. 

[0013] In order to mount the protection circuit board 100 in such a manner, it is necessary for 
the sealing surface 12b to have a predetermined width W1 corresponding to a width of the 
protection circuit board 100. 

[0014] In recent years, the battery unit 11 of the lithium secondary battery 10 has become 
larger in order to obtain a large capacity lithium secondary battery. Thus, the space 12a in 
which the battery unit 11 is accommodated has tended to increase, while minimizing the area of 
the sealing surface 12b. This has introduced a critical problem of developing efficient methods 
of attaching the protection circuit board 100 to a limited area of the sealing surface 12b. 

[0015] Because the positive and negative electrode tabs 16 and 17 are bent in an S-shaped 
form, they may be easily cut at bent portions during a bending process. Also, at portions where 
the positive and negative electrode tabs 16 and 17 extend outward from the sealing surface 12b 
of the case 12, the positive and negative electrode tabs 16 and 17 may be electrically 
connected to a medium layer exposed along the edge of the case 12 by a cutting process, 
resulting in a short-circuit. 

SUMMARY OF THE INVENTION 
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[0016] The present invention provides a pouch-type lithium secondary battery having a 
minimized sealing surface of a case by providing an improved connection structure in which a 
protection circuit board electrically connected to electrode tabs is attached at an outer surface of 
a case, and a fabrication method of the lithium secondary battery. 

[0017] The present invention also provides a pouch-type lithium secondary battery which can 
prevent a short-circuit between a case and an electrode tab by improving a bending structure of 
the electrode tabs extending outside the case, and a fabrication method of the lithium secondary 
battery. 

[0018] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0019] According to an aspect of the present invention, there is provided a pouch-type lithium 
secondary battery comprising a battery unit having a positive electrode plate, a separator, and a 
negative electrode plate, wherein the separator is disposed between the positive and negative 
electrode plates, electrode tabs extending from each of the positive and negative electrode 
plates of the battery unit, respectively, a case having a space to accommodate the battery unit, 
a sealing surface along the periphery of the space, and a protection circuit board electrically 
connected to the electrode tabs, wherein portions of each of the electrode tabs extend outside 
the case, and are bent in an upright position with respect to a plane of the sealing surface. 

[0020] According to another aspect of the invention, there is provided a method of fabricating 
a lithium secondary battery, the method comprising preparing a battery unit comprising a 
positive electrode plate, a negative electrode plate, and a separator disposed between the 
positive and negative electrode plates, disposing the battery unit in a space provided in a case 
and sealing a sealing surface formed along the periphery of the space, electrically connecting 
electrode terminals of a protection circuit board to electrode tabs extending outside the case, 
wherein the electrode tabs are electrically connected to each of the positive and negative 
electrode plates of the battery unit, respectively, and bending portions of each of the electrode 
tabs extending outside of the case through the sealing surface in an upright position with 
respect to a plane of the sealing surface of the case. 
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[0021] According to another aspect of the invention, there is provided a pouch-type lithium 
secondary battery comprising a case providing a space to accommodate a battery unit, a 
sealing surface along the periphery of the space, and a protection circuit board electrically 
connected to electrode tabs extending outside the case from the battery unit, wherein the 
electrode tabs are bent in a thickness direction of the case, the electrode tabs being 
respectively connected to electrode terminals of the protection circuit board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is a plan view of a conventional lithium secondary battery; 

FIG. 2 is a partly extracted perspective view of the lithium secondary battery shown in 

FIG. 1; 

FIG. 3 is a partly enlarged view of a lithium secondary battery according to an 
embodiment of the present invention; 

FIG. 4 is a cross-sectional view showing the lithium secondary battery shown in FIG. 3; 

and 

FIG. 5 is a partly extracted perspective view of the lithium secondary battery shown in 

FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0024] FIG. 3 shows a pouch-type lithium secondary battery 30 according to an embodiment 
of the present invention. 

[0025] Referring to FIG. 3, the lithium secondary battery 30 includes a battery unit 31 and a 
case 32 accommodating the battery unit 31. 
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[0026] The battery unit 31 includes a positive electrode plate 33, a negative electrode plate 
34 and a separator 35 interposed therebetween. 

[0027] The positive electrode plate 33 has a positive electrode slurry comprising a lithium- 
based oxide as a main component, a binder, a plasticizer, a conductive agent, and the like, 
coated on a positive electrode current collector formed of a strip-shaped metal foil, e.g., an 
aluminum foil. A positive electrode tab 36 is welded to the positive electrode plate 33. 

[0028] The negative electrode plate 34 has a negative electrode slurry comprising a carbon 
material as a main component, a binder, a plasticizer, a conductive agent, and the like, coated 
on a negative electrode current collector formed of a strip-shaped metal foil, e.g., a copper foil. 
A negative electrode tab 37 is welded to the negative electrode plate 34. 

[0029] At least one sheet of the separator 35 is disposed between the positive electrode 
plate 33 and the negative electrode plate 34 for insulation therebetween. The separator 35 may 
be made of polyethylene, polypropylene, or a composite film of polyethylene and polypropylene. 
In order to prevent a short-circuit between the positive and negative electrode plates 33 and 34, 
it is advantageous, though not necessary, that the separator 35 is wider than the positive or 
negative electrode plate 33, 34. 

[0030] The case 32 includes an upper case body 32a and a lower case body 32b coupled to 
the upper case body 32a. The upper and lower case bodies 32a and 32b are integrally coupled 
to each other along at least one periphery. When the upper and lower case bodies 32a and 32b 
are welded to each other, the case 32 is shaped of a substantially rectangular solid. A space 
32c in which the battery unit 31 is accommodated is provided in at least one of the upper and 
lower case bodies 32a and 32b. 

[0031] After the battery unit 31 is accommodated in the space 32c of the case 32, the case 
32 is sealed at upper and lower sealing surfaces 32d and 32e by a method such as thermal 
fusion. The upper and lower sealing surfaces 32d and 32e are provided at a portion where the 
upper and lower case bodies 32a and 32b are coupled to each other. The lower sealing surface 
32e is formed along the periphery of the space 32c. The upper sealing surface 32d is formed at 
a portion of the upper case body 32a corresponding to the lower sealing surface 32e, the upper 
sealing surface 32d being in contact with the lower sealing surface 32e, thus providing a sealing 
surface. 
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[0032] The upper and lower case bodies 32a and 32b are preferably, though not necessarily, 
formed of substantially the same material, and are constructed of multiple layers including an 
inner coating made of a polymeric insulating layer, a medium layer made of a metal foil for 
maintaining formability, and an outer coating made of a polymeric insulating layer. 

[0033] The battery unit 31 having the above-described structure can be wound in a direction 
such that the positive electrode plate 33, the separator 35, and the negative electrode plate 34 
are disposed sequentially in that order, that is, in a jelly-roll type structure. The wound battery 
unit 31 is accommodated in the space 32c. Here, edges of the positive and negative electrode 
tabs 36 and 37, drawn out from the respective electrode plates 33 and 34 of the battery unit 31 , 
extend outside the closed case 32. 

[0034] An insulating tape 38 is wrapped around an outer surface of each of the positive and 
negative electrode tabs 36 and 37. One end of the insulating tape 38 is disposed between the 
upper and lower sealing surfaces 32d and 32e, and is fusibly sealed together during thermal 
fusion of the case 32, while the other end of the insulating tape 38 is exposed to the outside of 
the case 32. 

[0035] The ends of the positive and negative electrode tabs 36 and 37 exposed to the 
outside of the case 32 are electrically connected to a protection circuit board 300. The 
protection circuit board 300 prevents combustion or explosion of the battery 30 in the event of 
abnormal operation of the battery, such as, for example, overcharging, by rapidly interrupting 
current flow. As one example, a safety element such as a positive temperature coefficient 
(PTC) element may be provided as the protection circuit board 300. The positive and negative 
electrode tabs 36 and 37, extending outward from the respective electrode plates 33 and 34 of 
the battery unit 31, are electrically connected to the positive and negative electrode terminals 
301 and 302, respectively, formed in the protection circuit board 300. 

[0036] In the pouch-type lithium secondary battery 30 having the above-described structure, 
as shown in FIG. 4, the upper sealing surface 32d and the lower sealing surface 32e are 
thermally fused to each other to seal the inside of the case 32 such that the battery unit 31 is 
provided within the case 32. 

[0037] Here, the ends of the positive and negative electrode tabs 36 and 37, extending 
outside the case 32, are electrically connected to the positive and negative electrode terminals 
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301 and 302 of the protection circuit board 300, respectively, and the ends of the positive and 
negative electrode tabs 36 and 37 are bent in a thickness direction of the case 32, which is 
described in more detail in FIG. 5. 

[0038] Referring to FIG. 5, the wound battery unit 31 , in which the positive electrode plate 33, 
the separator 35, and the negative electrode plate 34 are laminated in that order, is disposed in 
the space 32c formed by the connection of the upper and lower case bodies 32a and 32b. The 
positive and negative electrode tabs 36 and 37, extending outward from the positive and 
negative electrode plates 33 and 34, respectively, pass between the upper and lower sealing 
surfaces 32d and 32e, and extend a predetermined length outside the case 32. As described 
above, the insulating tape 38 is wrapped around an outer surface of each of the positive and 
negative electrode tabs 36 and 37 for the purpose of electrically isolating the positive and 
negative electrode tabs 36 and 37 from the case 32. 

[0039] The ends of the positive and negative electrode tabs 36 and 37 are connected to the 
positive and negative electrode terminals 301 and 302 of the protection circuit board 300, 
respectively. A portion of each of the positive and negative electrode tabs 36 and 37, extending 
outside the case 32, is bent from a leading edge of the upper and lower sealing surfaces 32d 
and 32e in a thickness direction of the case 32, e.g., in a thickness direction of the lower case 
body 32b. Here, the positive and negative electrode tabs 36 and 37 may be bent at a 
substantially right angle. 

[0040] In a state in which the positive and negative electrode tabs 36 and 37 are bent, they 
are not further bent toward the upper and lower sealing surfaces 32d and 32e, but are disposed 
parallel to an outer wall of the case 32 in an upright position. Accordingly, the positive and 
negative electrode tabs 36 and 37 are perpendicular to a contact surface at which the upper and 
lower sealing surfaces 32d and 32e are contacted. 

[0041] In order to prevent a short-circuit between the positive and negative electrode tabs 36 
and 37 and the case 32, the insulating tape 38 is preferably, though not necessarily, wrapped 
around the outer surface of the positive and negative electrode tabs 36 and 37 at portions 
where the positive and negative electrode tabs 36 and 37 are bent at the leading edge of the 
upper and lower sealing surfaces 32d and 32e. 
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[0042] The protection circuit board 300, which is electrically connected to the positive and 
negative electrode tabs 36 and 37, is disposed on the lower sealing surface 32e. In other 
words, when the positive and negative electrode tabs 36 and 37 are bent perpendicular to the 
contact surface between the upper and lower sealing surfaces 32d and 32e, the protection 
circuit board 300 can be placed between the outer wall of the lower case body 32b and the 
positive and negative electrode tabs 36 and 37. 

[0043] Also, since the protection circuit board 300 is disposed widthwise in an upright 
position between the outer wall of the lower case body 32b and the positive and negative 
electrode tabs 36 and 37, the upper and lower sealing surfaces 32d and 32e only have to have 
a minimum width W 2 for accommodating the protection circuit board 300. Thus, the width W 2 of 
the upper and lower sealing surfaces 32e and 32d can be reduced compared to the width of 
the conventional sealing surface (12b shown in FIG. 2), in which a protection circuit board is not 
disposed in an upright position. 

[0044] Alternatively, the portions of the positive and negative electrode tabs 36 and 37 
extending outside the case 32 may be bent at a right angle together with the leading edge of the 
upper and lower sealing surfaces 32d and 32e, so that the protection circuit board 300 may be 
placed between the outer wall of the lower case body 32b and the bent positive and negative 
electrode tabs 36 and 37. 



[0045] Table 1 shows that the capacity of the battery unit 31 increases due to an increase in 
the area of the space 32c as the protection circuit board 300 is disposed in an upright position. 

Table 1 





Sample 1 


Sample 2 


Sample 3 


Sample 4 


Conventional capacity 


1165 mAh 


984 mAh 


857 mAh 


843 mAh 


Capacity when sealing surface is 
reduced 


1220 mAh 


1030 mAh 


898 mAh 


875 mAh 


Increasing amount of capacity 


55 mAh 


46 mAh 


41 mAh 


32 mAh 
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Increasing ratio of capacity 


4.7 


4.7 


4.8 


3.8 



[0046] Referring to Table 1 , conventionally, samples 1-4 had capacities of 1165 mAh, 984 
mAh, 857 mAh, and 843 mAh, respectively, and a sealing surface width of 4.5 mm. In the 



present invention, capacities of the samples 1-4 were increased to 1220 mAh, 1030 mAh, 898 
mAh, and 875 mAh, respectively, and a sealing surface width of 2.5 mm. That is, the samples 
of the present invention showed capacity increases of 55 mAh, 46 mAh, 41 mAh, and 32 mAh, 
respectively. 

[0047] As described above, the pouch-type lithium secondary battery according to the 
present invention and a fabrication method thereof has several advantages, a few of which are 
described below. 

[0048] First, since an electrode tab exposed outside a sealing surface of a case is bent from 
a leading edge of the sealing surface to be disposed in an upright position, and a protection 
circuit board electrically connected to the thus bent electrode tab is placed between an outer 
wall of the case and the electrode tab, an area of the sealing surface of the case can be 
minimized. 

[0049] Second, since the protection circuit board, which is electrically connected to the bent 
electrode tab, is disposed substantially perpendicular to the sealing surface, an area of the 
sealing surface of the case can be minimized. 

[0050] Third, as the area of the sealing surface of the case is reduced, an internal area of the 
case can be increased as much as the area of the sealing surface is reduced. Accordingly, the 
capacity of a battery unit accommodated inside the case can be increased. 

[0051] Fourth, since the electrode tab is disposed in an upright position with respect to the 
case, damage due to bending of the electrode tab can be prevented, thereby ensuring safety of 
the battery. 

[0052] Fifth, since an insulating tape is wrapped around a portion where the electrode tab is 
bent from the leading edge of the sealing surface of the case, a short-circuit between the 
electrode tab and the case can be prevented. 
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[0053] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in 
these embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the claims and their equivalents. 
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